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Introduction
Renal cell carcinoma (RCC) is the third most common urological malignancy and accounts for approximately 3% of all cancers in adults [1, 2] . The incidence of RCC has steadily increased over the past 3 decades, mainly due to the widespread use of imaging modalities, such as abdominal ultrasonography and computed tomography [3] . In recent years, therefore, the number of patients with small localized RCC has markedly increased, and the majority of these patients have been treated with curative surgery [4, 5] . To date, partial nephrectomy has become a standard surgical procedure for patients diagnosed with a T1 tumor and a normal contralateral kidney [6, 7] . Furthermore, the refinement of surgical techniques and instruments has led laparoscopic partial nephrectomy (LPN) to be accepted as a reliable surgical option for factors. Conclusions: Careful management following partial nephrectomy is necessary for elderly patients and/or those with impaired renal function, even mild, before surgery.
this category of patient [8] . Several contemporary studies demonstrated oncological outcomes in patients undergoing LPN equivalent to those undergoing open partial nephrectomy (OPN) [9, 10] , however, it remains controversial whether OPN and LPN have different effects on the postoperative renal function.
In recent years, a number of studies showed a significantly increased risk of progression of renal failure, cardiovascular disease and subsequent mortality in patients developing chronic kidney disease (CKD), which is defined as having an estimated glomerular filtration rate (eGFR) less than 60 ml/min/1.73 m 2 [11, 12] . Accordingly, it would be potentially important in patients with small renal tumors who are treated with partial nephrectomy to prevent the development of postoperative CKD, since the majority of patients, who could be candidates for partial nephrectomy, have a normal renal function prior to surgery and will show a long disease-free survival. Considering these findings, we retrospectively reviewed the outcomes in patients with a small renal mass who underwent either OPN or LPN focusing on changes in postoperative renal function, in order to characterize the significance of possible risk factors for impairment of postoperative renal function.
Patients and Methods
Of patients who underwent either OPN or LPN at our institutions between January 2000 and December 2007, were considered for this study which included a total of 109 consecutive patients fulfilling the following criteria: a single localized unilateral renal tumor < 4.0 cm, no suspicious finding suggesting metastatic diseases based on any imaging modalities, preoperative eGFR ≥ 60 ml/min/1.73 m 2 ,presence of a normal functioning contralateral kidney, and no past history of receiving any systemic therapies for renal tumors. Informed consent to perform this study was obtained from all patients, and the study design was approved by the Research Ethics Committee of our institution. All clinicopathological data were collected.
In this series, selection of the surgical procedure for resecting renal tumors (i.e., OPN or LPN) was basically determined considering the preference of the surgeon regardless of tumor characteristics, such as location and size, as well as the wishes of the patient. The surgical procedures were performed according to those previously described with minor modifications [13, 14] , and irrespective of surgical procedures, renal cooling was performed on selected patients based on the judgment by the surgeon rather than the strict criterion as follows. The artery supply to the kidney was clamped and ice slush was maintained around the entire kidney for at least 5 minutes, and tumor was then resected after slush ice was minimally removed from the surgical field to maintain hypothermia in the kidney. Pathological examinations were conducted by a single pathologist according to the 2009 American Joint Committee on Cancer TNM classification system. Generally, all patients were followed-up by laboratory and radiological evaluations as well as physical examinations every 6 months to monitor recurrence and metastasis. In the absence of a relapse of RCC 5 years after surgery, the interval between re-examinations was increased. Follow-up data on the clinicopathological characteristics of the included patients were obtained from the medical records.
To monitor the renal function, serum creatinine was measured preoperatively and at variable follow-up times in all patients. The GFR was estimated based on the modification of diet in the renal disease (MDRD) formula (GFR = 186.3 × P cr -1.154 × age -0.203 × 0.742 [if female]) using serum creatinine and demographic variables [15] . Patients with eGFR < 60 ml/min/1.73 m 2 were considered to have CKD, and the time to development of CKD after surgery was defined as when eGFR initially went down to < 60 ml/min/1.73 m 2 . All statistical analyses were performed using Statview 5.0 software (Abacus Concepts, Berkeley, CA), and p values < 0.05 were considered significant. The Chi-square test was used to analyze associations between the two groups. The CKD-free survival rates were calculated employing the Kaplan-Meier method, and differences were determined with the log-rank test. The prognostic significance of certain factors was assessed using the Cox proportional hazards regression model.
Results
Of the 109 patients included in this study, 73 (67.0%) and 36 (33.0%) were treated with OPN and LPN, respectively. Pathological examinations identified RCC in 94 patients (86.2%), whereas the remaining 15 (13.8%) were diagnosed with benign renal tumors. The characteristics of these patients are summarized in table 1 according to the surgical procedure performed. There were no significant differences in age, gender, proportion of patients with hypertension, those with diabetes, maximal tumor diameter, preoperative eGFR, frequency of renal cooling and follow-up period between OPN and LPN groups; however, ischemia time in the LPN group was significantly longer than that in the OPN group.
During the observation period of this study, CKD developed following surgery in 43 patients (39.4%), consisting of 29 (39.7%) and 14 (38.9%) in OPN and LPN groups, respectively, and there was no significant difference in the incidence of postoperative CKD between these two groups. As shown in figure 1 , the 1-, 3-and 5-year CKD-free survival rates of the 109 patients were 100, 90.1 and 50.6%, respectively, and the median time to the development of CKD after surgery was 81.0 months. We then assessed the impact of several factors on CKD-free survival in these patients. Despite the lack of significant associations of gender, hypertension, maximal tumor di- Muramaki/Miyake/Sakai/Fujisawa ameter, renal cooling, ischemia time and surgical procedure, the age at surgery, diabetes and preoperative eGFR were identified as significant predictors of CKD-free survival on univariate analysis. Furthermore, of these 3 significant factors, age at surgery and preoperative eGFR appeared to be independently related to CKD-free survival on multivariate analysis (table 2) . In fact, CKD developed in 7 of 43 patients (16.3%) who were negative for both risk factors (i.e., 60 years ≤ at surgery and eGFR < 70 ml/min/1.73 m 2 ); however, 36 of 66 (54.5%) with either single or two independent risk factors were diagnosed with CKD postoperatively. As shown in figure  2 , there was a significant difference in CKD-free survival between patients without any independent risk factor and those with at least one of these risk factors.
Discussion
Over the last decade, it was well documented that partial nephrectomy for properly selected patients with small RCC could achieve long-term cancer control similar to radical nephrectomy [7, 14, 16] . In addition, several recent studies demonstrated that, when compared to partial nephrectomy, radical nephrectomy significantly impairs the postoperative renal function, resulting in the frequent development of CKD, which has been shown to be closely associated with cardiovascular events, hospitalization and a poor health-related quality of life [12, 17, 18] . These findings strongly suggest the importance of indicating nephron sparing surgery for renal tumors when possible, and, in fact, there has been a recent trend toward a marked increase in the proportion of patients with a small renal mass who are treated with partial nephrectomy.
With the progress in the field of minimally invasive surgery, LPN has been accepted as one of the attractive options for the treatment of patients with a small renal tumor [8] . Despite several advantages of LPN, including decreased incisional morbidity, improved cosmesis and a shortened length of hospital stay, this procedure is still considered to be challenging and technically complex compared with OPN [19] . Furthermore, a limited number of studies have assessed the postoperative renal function in patients undergoing LPN compared with that in those undergoing OPN [13, 20, 21] ; and therefore, there have not been any established parameters predicting the impairment of renal function following nephron sparing surgery. Considering these findings, we retrospectively analyzed the data from a total of 109 patients who underwent either OPN or LPN in order to identify factors associated with the onset of postoperative CKD in this cohort of patients.
We enrolled only patients with a single localized unilateral small renal tumor and normal functioning contralateral kidney in order to minimize the effects of diverse characteristics on the postoperative renal function. Of the 109 patients included in this series, 73 and 36 were treated with OPN and LPN, respectively. When their characteristics were compared according to the surgical procedure, there were no significant differences in any parameter examined, except for the ischemia time, between OPN and LPN groups. In this series, renal cooling was not applied to all patients; however, the ischemia time in patients undergoing partial nephrectomy under cold ischemia fashion appeared to be significantly longer than that in those under warm ischemia fashion (data not shown). Although there have been various studies addressing the impact of ischemia time during partial nephrectomy on the postoperative renal function, these outcomes have not been consistent [22] [23] [24] . For example, Porpigia et al. [22] reported the close association between warm ischemia time and loss of renal function estimated by renal scintigraphy, whereas Tatusgami et al. [24] found no significant differences in the postoperative total renal function between OPN and retroperitoneal LPN groups, despite the significantly longer ischemia time in the retroperitoneal LPN group than that in the OPN group. Renal artery clamping is necessary to decrease blood loss during partial nephrectomy and to allow improved visualization for performing the correct surgery. Therefore, from a theoretical point of view, every effort should be made to minimize ischemic intervals and/or protect the renal function during partial nephrectomy, such as employing a robot-associated approach, segmental renal artery clamping and cold intravascular perfusion [25] [26] [27] .
During the observation period of this study, CKD developed in 43 of the 109 patients (39.4%), and the median time to the development of CKD after surgery was 81.0 months. This outcome is equivalent or even superior to those in previous studies [12, 13, 17, 18] . To explore parameters associated with the postoperative development of CKD, univariate and multivariate analyses were performed. Univariate analysis identified age at surgery, diabetes and preoperative eGFR, but not surgical procedure, as significant predictors for the onset of CKD following partial nephrectomy, of which only the age at surgery and preoperative eGFR appeared to be independently related to postoperative CKD-free survival. To date, sev- Muramaki/Miyake/Sakai/Fujisawa eral studies have evaluated the significance of a wide variety of factors as predictors of the impairment of renal function following renal surgery [12, 13, 18, 23, 28, 29] .
Although it would be difficult to interpret the outcome of these studies, which could be affected by the design of each study, such as the endpoint of renal dysfunction, the examinations for assessment of the renal function, the parameters included in statistical analysis and the application of renal cooling, age and GFR before surgery were shown to have strong effects on deterioration of the renal function after renal surgery in most of these studies [12, 13, 18, 28, 29] . Collectively, these findings suggest that elderly patients and/or those with a mildly impaired renal function before surgery are likely to develop CKD following partial nephrectomy irrespective of its surgical procedure. However, it should be recognized that the postoperative reduction ratio of eGFR in patients with preoperative value of eGFR < 70 ml/min/1.73 m 2 was significantly lower than that in those with preoperative value of eGFR ≥ 70 ml/min/1.73 m 2 (data not shown). It is crucially important to develop a reliable system that enables us to exactly predict the probability of the onset of CKD after partial nephrectomy. In this series, if we divided patients into those without any independent risk factors and those with at least one independent risk factor (i.e., 60 years ≤ at surgery and eGFR < 70 ml/ min/1.73 m 2 ), there would be a significant difference in the CKD-free survival between these 2 groups. It would also be of interest to create a prediction nomogram for freedom from renal insufficiency in patients treated with partial nephrectomy. In fact, Sorbellini et al. [29] developed a nomogram that can precisely predict the 7-year probability of renal insufficiency in patients undergoing partial or radical nephrectomy by combining the following 5 parameters: age, gender, American Society of Anesthesiologists (ASA) score, preoperative serum level of creatinine and percent change in the kidney volume after surgery.
Here, we would like to emphasize several limitations of this study. First, this is a retrospective study involving a number of surgeons as operators, which could possibly affect the presented outcomes. Second, despite the comparatively longer observation period of this study compared with previous studies from high volume centers [12, 13, 18, 23] , the number of patients included in this series is not large enough to draw definitive conclusions. In particular, the small number of patients treated with LPN, which has been frequently performed in recent years, may not reflect the current status of the cohort treated with partial nephrectomy. Third, there might be some other parameters more closely associated with postoperative renal function, such as change in renal parenchymal volume before and after surgery, than those examined in this study. Finally, the onset of CKD was used as the endpoint for evaluating the postoperative renal insufficiency; however, it would also be important to investigate the impact of partial nepfrectomy on other endpoints, such as the relative change in GFR following surgery, cardiovascular events and overall survival.
In conclusion, the findings of this study suggest that approximately 40% of patients who were treated with either OPN or LPN were shown to develop postoperative CKD and those elderly patients and/or those with a mildly impaired renal function prior to surgery may be likely to develop CKD following partial nephrectomy. Furthermore, the CKD-free survival in patients with at least one of these two risk factors appeared to be significantly poorer than that in those without any risk factor. Accordingly, intensive follow-up should be performed in patients undergoing partial nephrectomy considering the possible deterioration of the postoperative renal function by paying special attention to the age as well as the GFR before surgery.
